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This paper presents the fault detection algorithm using regression method for plural indoor units faults of multi-heat 
pump system under heating mode. To develop the fault detection algorithm, experiment was performed under no 
fault mode. Total 65 experimental data were obtained from the experiment. Regression models for five heat 
exchangers which including one outdoor unit and four indoor units were developed by using these 65 data. Each 
regression model consists of seven inputs (inlet and outlet temperatures, pressure and mass flow rate of refrigerant, 
inlet and outlet temperature of air, fan RPM) and one output (heat capacity). Then based on these models, the fault 
detection algorithm was made. To ascertain whether the fault detection algorithm works well or not, series of faulty 
and no fault experiment were conducted. There are five working modes which including (1) no fault mode, (2) one 
of the indoor units fault mode, (3) two of the indoor units faults mode, (4) three of the indoor units faults mode and 
(5) all of the indoor units faults mode. Indoor unit fault was simulated by blocking the air inlet. The air flow rate was 
measured by a wind tunnel. Under this situation, the air flow rate was reduced by about 35% of no fault mode. The 




The energy usage has been increasing from all over the world. This augmentation has caused supply problems, 
exhaustion of energy resources and heavy environmental issues (ex. ozone layer depletion, global warming and so 
on). Because of these problems, reducing the energy consumption is considered as hot issue from the all of the world. 
According to Pe’rez-Lombard et al. (2008), the energy consumption for cooling and heating of the building is 
almost half of the total energy consumption in the non-domestic buildings which are mid and large size buildings. 
Thus, the decrease of energy consumption for cooling and heating is the most significant issue to reduce the total 
energy consumption in the mid and large size building. To reduce the energy consumption for cooling and heating, 
effective maintenance and repair of heat pump system are needed. To carry out effective maintenance and repair of 
heat pump system, a monitoring program is required. It is required for sensors and analysis algorithm to make a 
monitoring program. According to Braun (1999), even though high cost sensors are equipped in the heat pump 
system, developing a program is not easy because it is difficult to make an analysis algorithm. So research on fault 
detection and diagnosis (FDD) that is a research field of developing the analysis algorithm is required. There are two 
kinds of fault in the heat pump system. First one is a hard fault which suddenly occurs. Representative hard faults 
include compressor fault, fan motor of heat exchanger fault, sensor fault, and so on. These faults are not hard to 
detect and diagnose when the fault occurs. Second one is a soft fault which gradually occurs. Heat exchanger fault 
and refrigerant leakage are representative soft fault. In case of soft fault, it is hard to detect and diagnose when the 
fault occurs. So, research on FDD for soft fault is more required.  
Many people have researched on the FDD algorithm for heat pump system. Yu et al. (2002) studied on model-based 
FDD method for building HVAC system. Wang and Xiao (2004) developed a FDD algorithm of air handle unit 
(AHU) sensor faults by utilizing principle component analysis (PCA) method. Qin and Wang (2005) also proposed a 
FDD strategy of variable air volume (VAV) air conditioning system by using a PCA method. Yoon and Jeong 
(2006) researched on FDD algorithm for a variable speed refrigeration system based on current information analysis 
of a compressor. The current information was transformed by fast fourier transform (FFT), then the transformed data 
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was used. Liang and Du (2007) proposed a FDD method of HVAC system using support vector machine (SVM). 
Based on the SVM, this research developed a new FDD method which is called MBFDD method. Chen and Lan 
(2009) describes a fault detection method for air-source heat pump water chiller/heaters. This research considered 
only one fault mode which is the condenser fault.  
Previous researches only deliberated single heat pump system. One of the biggest differences between single heat 
pump system and multi-heat pump system is a number of the heat exchanger. In multi-heat pump system, if a heat 
exchanger fault occurs, it is important to determine which heat exchanger is on the problem. By using previous 
researches, however, it is hard to determine which one is the fault because previous researches didn’t concern this 
situation. So it is not recommended to apply previous fault detection algorithms to heat exchanger fault of multi-heat 
pump system. As a result, it is needed to develop a fault detection method for heat exchanger fault of multi-heat 
pump system. The main objective of this research is to develop a fault detection algorithm for plural heat exchanger 
faults of variable refrigerant flow (VRF) multi-heat pump system. 
 
2. EXPERIMENTAL SETUP AND METHOD 
 
2.1 Experimental Setup 
Fig. 1 shows a schematic of variable refrigerant flow (VRF) multi-heat pump system. This system is a product 
which is 35 kW. There are two rooms which including indoor room and outdoor room. Temperature and humidity of 
each room were controlled by using calorimeters. There are four indoor units in indoor room and one outdoor unit in 
outdoor room.  
 
2.2 Experimental Method 
There are five working modes which including (1) no fault mode, (2) one of the indoor units fault mode, (3) two of 
the indoor units faults mode, (4) three of the indoor units faults mode and (5) all of the indoor units faults mode. 
Indoor unit fault was simulated by blocking the air inlet of the indoor unit. Then, the air flow rate was reduced. The 
air flow rate was measured by a wind tunnel which is connected with indoor unit. Thus it was possible to calculate a 
reducing ratio of the air flow rate of indoor unit fault mode to the air flow rate of no fault mode. The air flow rate 
was reduced by about 35% of no fault mode. The conditions of each heat exchanger for working modes are shown in 







Figure 1: Schematic of variable refrigerant flow (VRF) multi-heat pump system 
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3. A DEVELOPMENT OF FAULT DETECTION ALGORITHM 
 
In this research, regression method was used to develop a fault detection algorithm for heat exchanger fault. By 
using regression method, it is possible to observe each heat exchanger separately. Because of this feature, it is easy 
to detect the heat exchanger fault(s) even if plural faults occur. To develop a fault detection algorithm for heat 
exchanger fault by using regression method, first of all, regression models for each heat exchanger have to be made. 
Fig. 2 shows heat exchange that occurs between air and refrigerant at heat exchanger. The heat capacity of the heat 
exchanger can be calculated by using equation (1) or (2).  
 
ref refq m h                                                                             (1) 
       ,air p air airq m c T                                                                         (2) 
,, ,ref ref p airm h c and airT are easy to measure. However, airm is difficult to measure. airm  is mainly related with 
RPM , ,air inT  and ,air outT  which are easily measurable. It means that airm  can be expressed as a combination of these 
variables. So airm  is expressed like the equation (3). In equation (3), b1, b2 and b3 are exponents.  
 
2
3 31 2 1 22 2
0 1 2 , 3 , 4 5 , 6 ,( ) ( ) ( )
b bb b b b
air air in air out air in air outm a a RPM a T a T a RPM a T a T                       (3) 
 
It is possible to combine the equation (3) with equation (2). Then, the new equation is equation (4).  
2
3 31 2 1 2* * * * * 2 * * 2
0 1 2 , 3 , 4 5 , 6 ,( ( ) ( ) ( ) )
b bb b b b
fitted air in air out air in air out airq a a RPM a T a T a RPM a T a T T              (4) 
 
Although the ,p airc  varies with temperature, the ,p airc  is considered as constant because the ,p airc  changes with  
 
 
Figure 2: A mechanism of heat exchange at heat exchanger 
Table 1: The conditions of each heat exchanger for each working mode 
 
Mode OUD IDU1 IDU2 IDU3 IDU4 
1 No fault No fault No fault No fault No fault 
2 No fault No fault Fault No fault No fault 
3 No fault Fault Fault No fault No fault 
4 No fault Fault Fault Fault No fault 
5 No fault Fault Fault Fault Fault 
  
*IDU : Indoor unit, ODU : Outdoor unit 
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temperature very slightly (the ,p airc value is 1.0087kJ/kgK at 340.15K and the ,p airc  value is 1.0059kJ/kgK at 
273.15K). In equation (4), 
*
ia  means ,i p aira c  (i=0,1,2,…,6). To get the optimum coefficients for each heat 
exchanger, experiment was performed under no fault mode. Total 65 experimental data were obtained from the  
 
  
Figure 3: Accuracy of the regression model for IDU1 
 
Figure 4: Accuracy of the regression model for IDU2 
  
Figure 5: Accuracy of the regression model for IDU3 Figure 6: Accuracy of the regression model for IDU4 
 
 
Figure 7: Accuracy of the regression model for ODU 
 
*IDU : Indoor unit, ODU : Outdoor unit 
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experiment. During the test, indoor room dry/wet bulb temperatures were between 17/12.4°C and 27/21°C and 
outdoor room dry/wet bulb temperatures were between 7/6°C and 24/18°C. The temperature ranges include the ISO 
standard condition and ISO overload condition. The fan speed of outdoor unit was 850RPM and working levels of 
indoor units were high. The optimum coefficients for five heat exchangers which including one outdoor unit and 
four indoor units were obtained by using these 65 data. The heat capacity which is calculated by using equation (1) 
is defined as experimental value and the heat capacity which is calculated by equation (4) is defined as fitted value. 
Theoretically, these two values are equal. When fault occurs, however, these values are not equal because the 
coefficients of equation (4) are obtained from no fault mode experimental data. So, if the difference between fitted 
value and experimental value is in the specific threshold, the fault detection algorithm judges the heat exchanger as 
no fault and if not, the fault detection algorithm judges that the heat exchanger as fault. Based on the accuracies of 
regression models, the thresholds of each regression model were defined. The accuracies of regression models for 
each heat exchanger are shown in Fig. 3 ~ Fig. 7. 
 
4. EXPERIMENTAL RESULTS AND DISCUSSION 
 
It is essential to conduct fault simulation experiment to confirm whether the fault detection algorithm works well or 
not. The experimental condition for fault detection algorithm test is shown in Table 2. There are five working modes 
in this test. The working modes are shown in Table 1. This research considered the plural heat exchanger faults and 
it can be confirmed from Table 1. The fault detection algorithm test results are shown in Fig. 8 ~ Fig. 12.  Fig. 8 
shows the fault detection algorithm test result of indoor unit1. The graph shows that the data from working mode 1 
and 2 are in the threshold. It means that the fault detection algorithm judged indoor unit1 as no fault when working 
mode 1 and 2. On the other hand, the data from working mode 3, 4 and 5 are not in the threshold. It means that the 
fault detection algorithm judged indoor unit1 as fault when working mode 3, 4 and 5. By comparing this result with 
the working mode which is shown in Table 1, it is possible to know that the fault detection algorithm well judged 
the state of indoor unit1. Fig. 9 shows the fault detection algorithm test result of indoor unit2. Table 1 shows that the 
indoor unit2 was always fault mode except working mode 1. The result of the fault detection algorithm test for 
indoor unit2 also shows the same thing. That is, the data from working mode 1 is in the threshold and the other data 
are not in the threshold. It means that the fault detection algorithm judged indoor unit 2 as fault when working mode 
2, 3, 4 and 5. The fault detection algorithm also well detected the fault which occurred in indoor unit2. In the same 
way, Fig. 10 and Fig. 11 show the fault detection algorithm test results of indoor unit3 and indoor unit4. In case of 
indoor unit3, the heat exchanger was fault mode when working mode 4 and 5. Fig. 10 shows that the data from 
working mode 4 and 5 are not in the threshold and the data from working mode 1, 2 and 3 are in the threshold. It 
also means that the fault detection algorithm well judged the state of indoor unit3. Fig. 11 shows that all data are in 
the threshold except the data from working mode 5 and this result also shows that the fault detection algorithm test 
for indoor unit4 was performed well. Finally, Fig. 12 shows the fault detection algorithm test for outdoor unit. This 
figure shows that all data are in the threshold. From Table 1, it is possible to confirm that there’s no fault mode of 





Table 2: The experimental condition for the fault detection algorithm test 
 
Parameter Value 
Indoor room dry/wet bulb temperature (°C) 20/15 
Outdoor room dry/wet bulb temperature (°C) 7/6 
Fan speed of outdoor unit (RPM) 850 
Working level of indoor units High 
Constant compressor condition On 
Inverter compressor speed (Hz) 55 
Main EEVs pulses 1096 
EEVs pulses of indoor units 1200 
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Figure 8: The fault detection algorithm test for IDU1 
 
Figure 9:  The fault detection algorithm test for IDU2 
 
 
Figure 10:  The fault detection algorithm test for IDU3 Figure 11:  The fault detection algorithm test for IDU4 
 
 
Figure 12:  The fault detection algorithm test for ODU 
 
*IDU : Indoor unit, ODU : Outdoor unit 
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5. Conclusion 
 
In this research, a fault detection algorithm for plural heat exchanger faults of variable refrigerant flow (VRF) multi-
heat pump system is proposed by using regression method. To make a regression models for each heat exchanger, 
experiment was conducted under no fault mode and 65 experimental data were collected. Based on these data, 
regression models which can predict the heat capacity of each heat exchanger were made. After that, the fault 
detection algorithm was developed by using the regression models. To confirm that the fault detection algorithm 
works well or not, the fault detection algorithm had been tested under five working modes which including (1) no 
fault mode, (2) one of the indoor units fault mode, (3) two of the indoor units faults mode, (4) three of the indoor 
units faults mode and (5) all of the indoor units faults mode. The fault detection algorithm well detected the heat 




RPM fan motor speed (rpm)  Subscripts 
T temperature (K) ref refrigerant 
P pressure (kPa)  




Braun, J. E., 1999, Automated fault detections and diagnostics for vapor compression cooling equipment, 
Diagnostics for Commercial Buildings : from Research to Practice Proceedings, pp. 1-10. 
Chen, Y., Lan, L., 2009, A fault detection technique for air-source heat pump water chiller/heaters, Energy and 
Buildings, Vol. 41, No. 8, pp. 881-887. 
Kim, M., Yoon, S. H., Domanski, P. A., Payne, W. V., 2008, Design of a steady-state detector for fault detection 
and diagnosis of a residential air conditioner, International Journal of Refrigeration, Vol. 31, No. 5, pp. 790-
799.  
Liang, J., Du, R., 2007, Model-based Fault Detection and Diagnosis of HVAC systems using Support Vector 
Machine method, International Journal of Refrigeration, Vol. 30, No. 6, pp. 1104-1114.  
Pe r´ez-Lombard, L., Ortiz, J., Pout, C., 2008, A review on buildings energy consumption information, Energy and 
Buildings, Vol. 40, No. 3, pp. 394-398. 
Qin, J., Wang, S., 2005, A fault detection and diagnosis strategy of VAV air-conditioning systems for improved 
energy and control performances, Energy and Buildings, Vol. 37, No. 10, pp. 1035-1048. 
Wang, S., Xiao, F., 2004, Detection and diagnosis of AHU sensor faults using principal component analysis method, 
Energy Conversion and Management, Vol. 45, No. 17, pp. 2667-2686.  
Yoon, J. S., Jeong, S. K., 2006, On-line FDD for a Variable Speed refrigeration System Based on Current 
Information Analysis of a Compressor, Proceedings of the SAREK Winter Annual Conference, pp. 434-439.  
Yu, B., Dolf, H. C., Paassen, V., Riahy, S., 2002, General modeling for model-based FDD on building HVAC 




This research was supported by NRL and WCU (World Class University) program through the Korea Research 
Foundation funded by the Ministry of Education, Science and Technology. The support from the Institute of 
Advanced Machinery and Design of Seoul National University, the Ministry of Knowledge Economy 
(2010T100200475) and LG electronics corporation is also appreciated. 
